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ISOLATION OF SUBTERRANEAN ZONES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/440,338, attorney docket 
number 25791.9.02, ?led on Nov. 15, 1999, Which claimed 
the bene?t of the ?ling date of US. provisional patent 
application serial No. 60/108,558, attorney docket number 
25791.9, ?led on Nov. 16, 1998, the disclosures of Which are 
incorporated herein by reference. 

[0002] The present application is related to the following: 
(1) US. patent application Ser. No. 09/454,139, attorney 
docket no. 257910302, ?led on Dec. 3, 1999, (2) US. 
patent application Ser. No. 09/510,913, attorney docket no. 
25791.7.02, ?led on Feb. 23, 2000, (3) US. patent applica 
tion Ser. No. 09/502,350, attorney docket no. 25791.8.02, 
?led on Feb. 10, 2000, (4) US. patent application Ser. No. 
09/440,338, attorney docket no. 25791.9.02, ?led on Nov. 
15, 1999, (5) US. patent application Ser. No. 09/523,460, 
attorney docket no. 25791.11.02, ?led on Mar. 10, 2000, (6) 
US. patent application Ser. No. 09/512,895, attorney docket 
no. 25791.12.02, ?led on Feb. 24, 2000, (7) US. patent 
application Ser. No. 09/511,941, attorney docket no. 
25791.16.02, ?led on Feb. 24, 2000, (8) US. patent appli 
cation Ser. No. 09/588,946, attorney docket no. 
25791.17.02, ?led on Jun. 7, 2000, (9) US. patent applica 
tion Ser. No. 09/559,122, attorney docket no. 257912302, 
?led on Apr. 26, 2000, (10) PCT patent application serial No. 
PCT/US00/ 18635, attorney docket no. 25791.25 .02, ?led on 
Jul. 9, 2000, (11) US. provisional patent application serial 
No. 60/ 162,671, attorney docket no. 25791.27, ?led on Nov. 
1, 1999, (12) US. provisional patent application serial No. 
60/154,047, attorney docket no. 25791.29, ?led on Sep. 16, 
1999, (13) US. provisional patent application serial No. 
60/159,082, attorney docket no. 25791.34, ?led on Oct. 12, 
1999, (14) US. provisional patent application serial No. 
60/159,039, attorney docket no. 25791.36, ?led on Oct. 12, 
1999, (15) US. provisional patent application serial No. 
60/159,033, attorney docket no. 25791.37, ?led on Oct. 12, 
1999, (16) US. provisional patent application serial No. 
60/212,359, attorney docket no. 25791.38, ?led on Jun. 19, 
2000, (17) US. provisional patent application serial No. 
60/165,228, attorney docket no. 25791.39, ?led on Nov. 12, 
1999, (18) US. provisional patent application serial No. 
60/221,443, attorney docket no. 25791.45, ?led on Jul. 28, 
2000, (19) US. provisional patent application serial No. 
60/221,645, attorney docket no. 25791.46, ?led on Jul. 28, 
2000, (20) US. provisional patent application serial No. 
60/233,638, attorney docket no. 25791.47, ?led on Sep. 18, 
2000, (21) US. provisional patent application serial No. 
60/237,334, attorney docket no. 25791.48, ?led on Oct. 2, 
2000, (22) US. provisional patent application serial No. 
60/270,007, attorney docket no. 25791.50, ?led on Feb. 20, 
2001; (23) US. provisional patent application serial No. 
60/262,434, attorney docket no. 25791.51, ?led on Jan. 17, 
2001; (24) US. provisional patent application serial No. 
60/259,486, attorney docket no. 25791.52, ?led on Jan. 3, 
2001; (25) US. provisional patent application serial 
No. , attorney docket no. 25791.61, ?led on Jul. 6, 
2001; (26) US. provisional patent application serial 
No. , attorney docket no. 25791.59, ?led on Aug. 20, 
2001; (27) US. provisional patent application serial 
No. , attorney docket no. 25791.67, ?led on Sep. 6, 
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2001; and (28) US. provisional patent application serial 
No. , attorney docket no. 257916702, ?led on Sep. 
10, 2001, the disclosures of Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates generally to oil and gas 
exploration, and in particular to isolating certain subterra 
nean Zones to facilitate oil and gas exploration. 

[0004] During oil exploration, a Wellbore typically 
traverses a number of Zones Within a subterranean forma 
tion. Some of these subterranean Zones Will produce oil and 
gas, While others Will not. Further, it is often necessary to 
isolate subterranean Zones from one another in order to 
facilitate the exploration for and production of oil and gas. 
Existing methods for isolating subterranean production 
Zones in order to facilitate the exploration for and production 
of oil and gas are complex and expensive. 

[0005] The present invention is directed to overcoming 
one or more of the limitations of the existing processes for 
isolating subterranean Zones during oil and gas exploration. 

SUMMARY OF THE INVENTION 

[0006] According to one aspect of the present invention, 
an apparatus is provided that includes a Zonal isolation 
assembly that includes one or more solid tubular members, 
each solid tubular member including one or more external 
seals, and one or more perforated tubular members coupled 
to the solid tubular members, and a shoe coupled to the Zonal 
isolation assembly. 

[0007] According to another aspect of the present inven 
tion, an apparatus is provided that includes a Zonal isolation 
assembly that includes one or more primary solid tubulars, 
each primary solid tubular including one or more external 
annular seals, n perforated tubulars coupled to the primary 
solid tubulars, and n—1 intermediate solid tubulars coupled 
to and interleaved among the perforated tubulars, each 
intermediate solid tubular including one or more external 
annular seals, and a shoe coupled to the Zonal isolation 
assembly. 
[0008] According to another aspect of the present inven 
tion, a method of isolating a ?rst subterranean Zone from a 
second subterranean Zone in a Wellbore is provided that 
includes positioning one or more primary solid tubulars 
Within the Wellbore, the primary solid tubulars traversing the 
?rst subterranean Zone, positioning one or more perforated 
tubulars Within the Wellbore, the perforated tubulars travers 
ing the second subterranean Zone, ?uidicly coupling the 
perforated tubulars and the primary solid tubulars, and 
preventing the passage of ?uids from the ?rst subterranean 
Zone to the second subterranean Zone Within the Wellbore 
external to the solid and perforated tubulars. 

[0009] According to another aspect of the present inven 
tion, a method of extracting materials from a producing 
subterranean Zone in a Wellbore, at least a portion of the 
Wellbore including a casing, is provided that includes posi 
tioning one or more primary solid tubulars Within the 
Wellbore, ?uidicly coupling the primary solid tubulars With 
the casing, positioning one or more perforated tubulars 
Within the Wellbore, the perforated tubulars traversing the 
producing subterranean Zone, ?uidicly coupling the perfo 
rated tubulars With the primary solid tubulars, ?uidicly 
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isolating the producing subterranean Zone from at least one 
other subterranean Zone Within the Wellbore, and ?uidicly 
coupling at least one of the perforated tubulars With the 
producing subterranean Zone. 

[0010] According to another aspect of the present inven 
tion, an apparatus is provided that includes a subterranean 
formation including a Wellbore, a Zonal isolation assembly 
at least partially positioned Within the Wellbore that includes 
one or more solid tubular members, each solid tubular 
member including one or more external seals, and one or 
more perforated tubular members coupled to the solid tubu 
lar members, and a shoe positioned Within the Wellbore 
coupled to the Zonal isolation assembly, Wherein at least one 
of the solid tubular members and the perforated tubular 
members are formed by a radial expansion process per 
formed Within the Wellbore. 

[0011] According to another aspect of the present inven 
tion, an apparatus is provided that includes a subterranean 
formation including a Wellbore, a Zonal isolation assembly 
positioned Within the Wellbore that includes one or more 
primary solid tubulars, each primary solid tubular including 
one or more external annular seals, n perforated tubulars 
positioned coupled to the primary solid tubulars, and n-1 
intermediate solid tubulars coupled to and interleaved 
among the perforated tubulars, each intermediate solid tubu 
lar including one or more external annular seals, and a shoe 
coupled to the Zonal isolation assembly, Wherein at least one 
of the primary solid tubulars, the perforated tubulars, and the 
intermediate solid tubulars are formed by a radial expansion 
process performed Within the Wellbore. 

[0012] According to another aspect of the present inven 
tion, a method of isolating a ?rst subterranean Zone from a 
second subterranean Zone in a Wellbore is provided that 
includes positioning one or more primary solid tubulars 
Within the Wellbore, the primary solid tubulars traversing the 
?rst subterranean Zone, positioning one or more perforated 
tubulars Within the Wellbore, the perforated tubulars travers 
ing the second subterranean Zone, radially expanding at least 
one of the primary solid tubulars and perforated tubulars 
Within the Wellbore, ?uidicly coupling the perforated tubu 
lars and the primary solid tubulars, and preventing the 
passage of ?uids from the ?rst subterranean Zone to the 
second subterranean Zone Within the Wellbore external to the 
primary solid tubulars and perforated tubulars. 

[0013] According to another aspect of the present inven 
tion, a method of extracting materials from a producing 
subterranean Zone in a Wellbore, at least a portion of the 
Wellbore including a casing, is provided that includes posi 
tioning one or more primary solid tubulars Within the 
Wellbore, positioning one or more perforated tubulars Within 
the Wellbore, the perforated tubulars traversing the produc 
ing subterranean Zone, radially expanding at least one of the 
primary solid tubulars and the perforated tubulars Within the 
Wellbore, ?uidicly coupling the primary solid tubulars With 
the casing, ?uidicly coupling the perforated tubulars With 
the primary solid tubulars, ?uidicly isolating the producing 
subterranean Zone from at least one other subterranean Zone 

Within the Wellbore, and ?uidicly coupling at least one of the 
perforated tubulars With the producing subterranean Zone. 

[0014] According to another aspect of the present inven 
tion, an apparatus is provided that includes a subterranean 
formation including a Wellbore, a Zonal isolation assembly 
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positioned Within the Wellbore that includes n solid tubular 
members positioned Within the Wellbore, each solid tubular 
member including one or more external seals, and n-1 
perforated tubular members positioned Within the Wellbore 
coupled to and interleaved among the solid tubular mem 
bers, and a shoe positioned Within the Wellbore coupled to 
the Zonal isolation assembly. 

[0015] According to another aspect of the present inven 
tion, a system for isolating a ?rst subterranean Zone from a 
second subterranean Zone in a Wellbore is provided that 
includes means for positioning one or more primary solid 
tubulars Within the Wellbore, the primary solid tubulars 
traversing the ?rst subterranean Zone, means for positioning 
one or more perforated tubulars Within the Wellbore, the 
perforated tubulars traversing the second subterranean Zone, 
means for ?uidicly coupling the perforated tubulars and the 
primary solid tubulars, and means for preventing the passage 
of ?uids from the ?rst subterranean Zone to the second 
subterranean Zone Within the Wellbore external to the pri 
mary solid tubulars and the perforated tubulars. 

[0016] According to another aspect of the present inven 
tion, a system for extracting materials from a producing 
subterranean Zone in a Wellbore, at least a portion of the 
Wellbore including a casing, is provided that includes means 
for positioning one or more primary solid tubulars Within the 
Wellbore, means for ?uidicly coupling the primary solid 
tubulars With the casing, means for positioning one or more 
perforated tubulars Within the Wellbore, the perforated tubu 
lars traversing the producing subterranean Zone, means for 
?uidicly coupling the perforated tubulars With the primary 
solid tubulars, means for ?uidicly isolating the producing 
subterranean Zone from at least one other subterranean Zone 

Within the Wellbore, and means for ?uidicly coupling at least 
one of the perforated tubulars With the producing subterra 
nean Zone. 

[0017] According to another aspect of the present inven 
tion, a system for isolating a ?rst subterranean Zone from a 
second subterranean Zone in a Wellbore is provided that 
includes means for positioning one or more primary solid 
tubulars Within the Wellbore, the primary solid tubulars 
traversing the ?rst subterranean Zone, means for positioning 
one or more perforated tubulars Within the Wellbore, the 
perforated tubulars traversing the second subterranean Zone, 
means for radially expanding at least one of the primary 
solid tubulars and perforated tubulars Within the Wellbore, 
means for ?uidicly coupling the perforated tubulars and the 
primary solid tubulars, and means for preventing the passage 
of ?uids from the ?rst subterranean Zone to the second 
subterranean Zone Within the Wellbore external to the pri 
mary solid tubulars and perforated tubulars. 

[0018] According to another aspect of the present inven 
tion, a system for extracting materials from a producing 
subterranean Zone in a Wellbore, at least a portion of the 
Wellbore including a casing, is provided that includes means 
for positioning one or more primary solid tubulars Within the 
Wellbore, means for positioning one or more perforated 
tubulars Within the Wellbore, the perforated tubulars travers 
ing the producing subterranean Zone, means for radially 
expanding at least one of the primary solid tubulars and the 
perforated tubulars Within the Wellbore, means for ?uidicly 
coupling the primary solid tubulars With the casing, means 
for ?uidicly coupling the perforated tubulars With the solid 
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tubulars, means for ?uidicly isolating the producing subter 
ranean Zone from at least one other subterranean Zone Within 

the Wellbore, and means for ?uidicly coupling at least one of 
the perforated tubulars With the producing subterranean 
Zone. 

[0019] According to another aspect of the present inven 
tion, a system for isolating subterranean Zones traversed by 
a Wellbore is also provided that includes a tubular support 
member de?ning a ?rst passage, a tubular expansion cone 
de?ning a second passage ?uidicly coupled to the ?rst 
passage coupled to an end of the tubular support member 
and comprising a tapered end, a tubular liner coupled to and 
supported by the tapered end of the tubular expansion cone, 
and a shoe de?ning a valveable passage coupled to an end 
of the tubular liner, Wherein the tubular liner includes one or 
more expandable tubular members that each include a 
tubular body comprising an intermediate portion and ?rst 
and second expanded end portions coupled to opposing ends 
of the intermediate portion, and a sealing member coupled 
to the exterior surface of the intermediate portion, and one 
or more slotted tubular members coupled to the expandable 
tubular members, Wherein the inside diameters of the other 
tubular members are greater than or equal to the outside 
diameter of the tubular expansion cone. 

[0020] According to another aspect of the present inven 
tion, a method of isolating subterranean Zones traversed by 
a Wellbore is also provided that includes positioning a 
tubular liner Within the Wellbore, and radially expanding one 
or more discrete portions of the tubular liner into engage 
ment With the Wellbore. In an exemplary embodiment, a 
plurality of discrete portions of the tubular liner are radially 
expanded into engagement With the Wellbore. 

[0021] According to another aspect of the present inven 
tion, a system for isolating subterranean Zones traversed by 
a Wellbore is also provided that includes means for posi 
tioning a tubular liner Within the Wellbore, and means for 
radially expanding one or more discrete portions of the 
tubular liner into engagement With the Wellbore. 

[0022] According to another aspect of the present inven 
tion, an apparatus for isolating subterranean Zones is also 
provided that includes a subterranean formation de?ning a 
borehole, and a tubular liner positioned in and coupled to the 
borehole at one or more discrete locations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a fragmentary cross-sectional vieW illus 
trating the isolation of subterranean Zones. 

[0024] FIG. 2a is a cross sectional illustration of the 
placement of an illustrative embodiment of a system for 
isolating subterranean Zones Within a borehole. 

[0025] FIG. 2b is a cross sectional illustration of the 
system of FIG. 2a during the injection of a ?uidic material 
into the tubular support member. 

[0026] FIG. 2c is a cross sectional illustration of the 
system of FIG. 2b While pulling the tubular expansion cone 
out of the Wellbore. 

[0027] FIG. 2a' is a cross sectional illustration of the 
system of FIG. 2c after the tubular expansion cone has been 
completely pulled out of the Wellbore. 
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[0028] FIG. 3 is a cross sectional illustration of an illus 
trative embodiment of the expandable tubular members of 
the system of FIG. 2a. 

[0029] FIG. 4 is a How chart illustration of an illustrative 
embodiment of a method for manufacturing the expandable 
tubular member of FIG. 3. 

[0030] FIG. 5a is a cross sectional illustration of an 
illustrative embodiment of the upsetting of the ends of a 
tubular member. 

[0031] FIG. 5b is a cross sectional illustration of the 
expandable tubular member of FIG. 5a after radially 
expanding and plastically deforming the ends of the expand 
able tubular member. 

[0032] FIG. 5c is a cross sectional illustration of the 
expandable tubular member of FIG. 5b after forming 
threaded connections on the ends of the expandable tubular 
member. 

[0033] FIG. 5a' is a cross sectional illustration of the 
expandable tubular member of FIG. 5c after coupling seal 
ing members to the exterior surface of the intermediate 
unexpanded portion of the expandable tubular member. 

[0034] FIG. 6 is a cross-sectional illustration of an exem 
plary embodiment of a tubular expansion cone. 

[0035] FIG. 7 is a cross-sectional illustration of an exem 
plary embodiment of a tubular expansion cone. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

[0036] An apparatus and method for isolating one or more 
subterranean Zones from one or more other subterranean 

Zones is provided. The apparatus and method permits a 
producing Zone to be isolated from a nonproducing Zone 
using a combination of solid and slotted tubulars. In the 
production mode, the teachings of the present disclosure 
may be used in combination With conventional, Well knoWn, 
production completion equipment and methods using a 
series of packers, solid tubing, perforated tubing, and sliding 
sleeves, Which Will be inserted into the disclosed apparatus 
to permit the commingling and/or isolation of the subterra 
nean Zones from each other. 

[0037] Referring to FIG. 1, a Wellbore 105 including a 
casing 110 are positioned in a subterranean formation 115. 
The subterranean formation 115 includes a number of pro 
ductive and non-productive Zones, including a Water Zone 
120 and a targeted oil sand Zone 125. During exploration of 
the subterranean formation 115, the Wellbore 105 may be 
extended in a Well knoWn manner to traverse the various 
productive and non-productive Zones, including the Water 
Zone 120 and the targeted oil sand Zone 125. 

[0038] In a preferred embodiment, in order to ?uidicly 
isolate the Water Zone 120 from the targeted oil sand Zone 
125, an apparatus 130 is provided that includes one or more 
sections of solid casing 135, one or more external seals 140, 
one or more sections of slotted casing 145, one or more 
intermediate sections of solid casing 150, and a solid shoe 
155. 

[0039] The solid casing 135 may provide a ?uid conduit 
that transmits ?uids and other materials from one end of the 
solid casing 135 to the other end of the solid casing 135. The 
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solid casing 135 may comprise any number of conventional 
commercially available sections of solid tubular casing such 
as, for example, oil?eld tubulars fabricated from chromium 
steel or ?berglass. In a preferred embodiment, the solid 
casing 135 comprises oil?eld tubulars available from vari 
ous foreign and domestic steel mills. 

[0040] The solid casing 135 is preferably coupled to the 
casing 110. The solid casing 135 may be coupled to the 
casing 110 using any number of conventional commercially 
available processes such as, for example, Welding, slotted 
and expandable connectors, or expandable solid connectors. 
In a preferred embodiment, the solid casing 135 is coupled 
to the casing 110 by using expandable solid connectors. The 
solid casing 135 may comprise a plurality of such solid 
casing 135. 

[0041] The solid casing 135 is preferably coupled to one 
more of the slotted casings 145. The solid casing 135 may 
be coupled to the slotted casing 145 using any number of 
conventional commercially available processes such as, for 
example, Welding, or slotted and expandable connectors. In 
a preferred embodiment, the solid casing 135 is coupled to 
the slotted casing 145 by expandable solid connectors. 

[0042] In a preferred embodiment, the casing 135 includes 
one more valve members 160 for controlling the How of 
?uids and other materials Within the interior region of the 
casing 135. In an alternative embodiment, during the pro 
duction mode of operation, an internal tubular string With 
various arrangements of packers, perforated tubing, sliding 
sleeves, and valves may be employed Within the apparatus 
to provide various options for commingling and isolating 
subterranean Zones from each other While providing a ?uid 
path to the surface. 

[0043] In a particularly preferred embodiment, the casing 
135 is placed into the Wellbore 105 by expanding the casing 
135 in the radial direction into intimate contact With the 
interior Walls of the Wellbore 105. The casing 135 may be 
expanded in the radial direction using any number of con 
ventional commercially available methods. 

[0044] The seals 140 prevent the passage of ?uids and 
other materials Within the annular region 165 betWeen the 
solid casings 135 and 150 and the Wellbore 105. The seals 
140 may comprise any number of conventional commer 
cially available sealing materials suitable for sealing a 
casing in a Wellbore such as, for example, lead, rubber or 
epoxy. In a preferred embodiment, the seals 140 comprise 
Stratalok epoxy material available from Halliburton Energy 
Services. The slotted casing 145 permits ?uids and other 
materials to pass into and out of the interior of the slotted 
casing 145 from and to the annular region 165. In this 
manner, oil and gas may be produced from a producing 
subterranean Zone Within a subterranean formation. The 
slotted casing 145 may comprise any number of conven 
tional commercially available sections of slotted tubular 
casing. In a preferred embodiment, the slotted casing 145 
comprises expandable slotted tubular casing available from 
Petroline in Abeerdeen, Scotland. In a particularly preferred 
embodiment, the slotted casing 145 comprises expandable 
slotted sandscreen tubular casing available from Petroline in 
Abeerdeen, Scotland. 

[0045] The slotted casing 145 is preferably coupled to one 
or more solid casing 135. The slotted casing 145 may be 
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coupled to the solid casing 135 using any number of 
conventional commercially available processes such as, for 
example, Welding, or slotted or solid expandable connectors. 
In a preferred embodiment, the slotted casing 145 is coupled 
to the solid casing 135 by expandable solid connectors. 

[0046] The slotted casing 145 is preferably coupled to one 
or more intermediate solid casings 150. The slotted casing 
145 may be coupled to the intermediate solid casing 150 
using any number of conventional commercially available 
processes such as, for example, Welding or expandable solid 
or slotted connectors. In a preferred embodiment, the slotted 
casing 145 is coupled to the intermediate solid casing 150 by 
expandable solid connectors. 

[0047] The last slotted casing 145 is preferably coupled to 
the shoe 155. The last slotted casing 145 may be coupled to 
the shoe 155 using any number of conventional commer 
cially available processes such as, for example, Welding or 
expandable solid or slotted connectors. In a preferred 
embodiment, the last slotted casing 145 is coupled to the 
shoe 155 by an expandable solid connector. 

[0048] In an alternative embodiment, the shoe 155 is 
coupled directly to the last one of the intermediate solid 
casings 150. 

[0049] In a preferred embodiment, the slotted casings 145 
are positioned Within the Wellbore 105 by expanding the 
slotted casings 145 in a radial direction into intimate contact 
With the interior Walls of the Wellbore 105. The slotted 
casings 145 may be expanded in a radial direction using any 
number of conventional commercially available processes. 

[0050] The intermediate solid casing 150 permits ?uids 
and other materials to pass betWeen adjacent slotted casings 
145. The intermediate solid casing 150 may comprise any 
number of conventional commercially available sections of 
solid tubular casing such as, for example, oil?eld tubulars 
fabricated from chromium steel or ?berglass. In a preferred 
embodiment, the intermediate solid casing 150 comprises 
oil?eld tubulars available from foreign and domestic steel 
mills. 

[0051] The intermediate solid casing 150 is preferably 
coupled to one or more sections of the slotted casing 145. 
The intermediate solid casing 150 may be coupled to the 
slotted casing 145 using any number of conventional com 
mercially available processes such as, for example, Welding, 
or solid or slotted expandable connectors. In a preferred 
embodiment, the intermediate solid casing 150 is coupled to 
the slotted casing 145 by expandable solid connectors. The 
intermediate solid casing 150 may comprise a plurality of 
such intermediate solid casing 150. 

[0052] In a preferred embodiment, the each intermediate 
solid casing 150 includes one more valve members 170 for 
controlling the How of ?uids and other materials Within the 
interior region of the intermediate casing 150. In an alter 
native embodiment, as Will be recogniZed by persons having 
ordinary skill in the art and the bene?t of the present 
disclosure, during the production mode of operation, an 
internal tubular string With various arrangements of packers, 
perforated tubing, sliding sleeves, and valves may be 
employed Within the apparatus to provide various options 
for commingling and isolating subterranean Zones from each 
other While providing a ?uid path to the surface. 
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[0053] In a particularly preferred embodiment, the inter 
mediate casing 150 is placed into the Wellbore 105 by 
expanding the intermediate casing 150 in the radial direction 
into intimate contact With the interior Walls of the Wellbore 
105. The intermediate casing 150 may be expanded in the 
radial direction using any number of conventional commer 
cially available methods. 

[0054] In an alternative embodiment, one or more of the 
intermediate solid casings 150 may be omitted. In an alter 
native preferred embodiment, one or more of the slotted 
casings 145 are provided With one or more seals 140. 

[0055] The shoe 155 provides a support member for the 
apparatus 130. In this manner, various production and explo 
ration tools may be supported by the shoW 150. The shoe 
150 may comprise any number of conventional commer 
cially available shoes suitable for use in a Wellbore such as, 
for example, cement ?lled shoe, or an aluminum or com 
posite shoe. In a preferred embodiment, the shoe 150 
comprises an aluminum shoe available from Halliburton. In 
a preferred embodiment, the shoe 155 is selected to provide 
sufficient strength in compression and tension to permit the 
use of high capacity production and exploration tools. 

[0056] In a particularly preferred embodiment, the appa 
ratus 130 includes a plurality of solid casings 135, a plurality 
of seals 140, a plurality of slotted casings 145, a plurality of 
intermediate solid casings 150, and a shoe 155. More 
generally, the apparatus 130 may comprise one or more solid 
casings 135, each With one or more valve members 160, n 
slotted casings 145, n-1 intermediate solid casings 150, each 
With one or more valve members 170, and a shoe 155. 

[0057] During operation of the apparatus 130, oil and gas 
may be controllably produced from the targeted oil sand 
Zone 125 using the slotted casings 145. The oil and gas may 
then be transported to a surface location using the solid 
casing 135. The use of intermediate solid casings 150 With 
valve members 170 permits isolated sections of the Zone 125 
to be selectively isolated for production. The seals 140 
permit the Zone 125 to be ?uidicly isolated from the Zone 
120. The seals 140 further permits isolated sections of the 
Zone 125 to be ?uidicly isolated from each other. In this 
manner, the apparatus 130 permits unWanted and/or non 
productive subterranean Zones to be ?uidicly isolated. 

[0058] In an alternative embodiment, as Will be recog 
niZed by persons having ordinary skill in the art and also 
having the bene?t of the present disclosure, during the 
production mode of operation, an internal tubular string With 
various arrangements of packers, perforated tubing, sliding 
sleeves, and valves may be employed Within the apparatus 
to provide various options for commingling and isolating 
subterranean Zones from each other While providing a ?uid 
path to the surface. 

[0059] Referring to FIGS. 2a-2d, an illustrative embodi 
ment of a system 200 for isolating subterranean formations 
includes a tubular support member 202 that de?nes a pas 
sage 202a. A tubular expansion cone 204 that de?nes a 
passage 204a is coupled to an end of the tubular support 
member 202. In an exemplary embodiment, the tubular 
expansion cone 204 includes a tapered outer surface 204b 
for reasons to be described. 

[0060] A pre-expanded end 206a of a ?rst expandable 
tubular member 206 that de?nes a passage 206b is adapted 
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to mate With and be supported by the tapered outer surface 
204b of the tubular expansion cone 204. The ?rst expand 
able tubular member 206 further includes an unexpanded 
intermediate portion 206c, another pre-expanded end 206d, 
and a sealing member 2066 coupled to the exterior surface 
of the unexpanded intermediate portion. In an exemplary 
embodiment, the inside and outside diameters of the pre 
expanded ends, 206a and 206d, of the ?rst expandable 
tubular member 206 are greater than the inside and outside 
diameters of the unexpanded intermediate portion 206c. An 
end 208a of a shoe 208 is coupled to the pre-expanded end 
206a of the ?rst expandable tubular member 206 by a 
conventional threaded connection. 

[0061] An end 210a of a slotted tubular member 210 that 
de?nes a passage 210b is coupled to the other pre-expanded 
end 206d of the ?rst expandable tubular member 206 by a 
conventional threaded connection. Another end 210c of the 
slotted tubular member 210 is coupled to an end 212a of a 
slotted tubular member 212 that de?nes a passage 212b by 
a conventional threaded connection. A pre-expanded end 
214a of a second expandable tubular member 214 that 
de?nes a passage 214b is coupled to the other end 212c of 
the tubular member 212. The second expandable tubular 
member 214 further includes an unexpanded intermediate 
portion 214c, another pre-expanded end 214d, and a sealing 
member 2146 coupled to the exterior surface of the unex 
panded intermediate portion. In an exemplary embodiment, 
the inside and outside diameters of the pre-expanded ends, 
214a and 214d, of the second expandable tubular member 
214 are greater than the inside and outside diameters of the 
unexpanded intermediate portion 214c. 

[0062] An end 216a of a slotted tubular member 216 that 
de?nes a passage 216b is coupled to the other pre-expanded 
end 214d of the second expandable tubular member 214 by 
a conventional threaded connection. Another end 216c of the 
slotted tubular member 216 is coupled to an end 218a of a 
slotted tubular member 218 that de?nes a passage 218b by 
a conventional threaded connection. A pre-expanded end 
220a of a third expandable tubular member 220 that de?nes 
a passage 220b is coupled to the other end 218c of the slotted 
tubular member 218. The third expandable tubular member 
220 further includes an unexpanded intermediate portion 
220c, another pre-expanded end 220d, and a sealing member 
2206 coupled to the exterior surface of the unexpanded 
intermediate portion. In an exemplary embodiment, the 
inside and outside diameters of the pre-expanded ends, 220a 
and 220d, of the third expandable tubular member 220 are 
greater than the inside and outside diameters of the unex 
panded intermediate portion 220c. 

[0063] An end 222a of a tubular member 222 is threadably 
coupled to the end 30d of the third expandable tubular 
member 220. 

[0064] In an exemplary embodiment, the inside and out 
side diameters of the pre-expanded ends, 206a, 206d, 214a, 
214d, 220a and 220d, of the expandable tubular members, 
206, 214, and 220, and the slotted tubular members 210, 
212, 216, and 218, are substantially equal. In several exem 
plary embodiments, the sealing members, 2066, 2146, and 
2206, of the expandable tubular members, 206, 214, and 
220, respectively, further include anchoring elements for 
engaging the Wellbore casing 104. In several exemplary 
embodiments, the slotted tubular members, 210, 212, 216, 
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and 218, are conventional slotted tubular members having 
threaded end connections suitable for use in an oil or gas 
Well, an underground pipeline, or as a structural support. In 
several alternative embodiments, the slotted tubular mem 
bers, 210, 212, 216, and 218 are conventional slotted tubular 
members for recovering or introducing ?uidic materials such 
as, for example, oil, gas and/or Water from or into a 
subterranean formation. 

[0065] In an exemplary embodiment, as illustrated in FIG. 
2a, the system 200 is initially positioned in a borehole 224 
formed in a subterranean formation 226 that includes a Water 
Zone 226a and a targeted oil sand Zone 226b. The borehole 
224 may be positioned in any orientation from vertical to 
horiZontal. In an exemplary embodiment, the upper end of 
the tubular support member 202 may be supported in a 
conventional manner using, for example, a slip joint, or 
equivalent device in order to permit upWard movement of 
the tubular support member and tubular expansion cone 204 
relative to one or more of the expandable tubular members, 
206, 214, and 220, and tubular members, 210, 212, 216, and 
218. 

[0066] In an exemplary embodiment, as illustrated in FIG. 
2b, a ?uidic material 228 is then injected into the system 
200, through the passages, 202a and 204a, of the tubular 
support member 202 and tubular expansion cone 204, 
respectively. 

[0067] In an exemplary embodiment, as illustrated in FIG. 
2c, the continued injection of the ?uidic material 228 
through the passages, 202a and 204a, of the tubular support 
member 202 and the tubular expansion cone 204, respec 
tively, pressuriZes the passage 18b of the shoe 18 beloW the 
tubular expansion cone thereby radially expanding and 
plastically deforming the expandable tubular member 206 
off of the tapered external surface 204b of the tubular 
expansion cone 204. In particular, the intermediate non 
pre-expanded portion 206c of the expandable tubular mem 
ber 206 is radially expanded and plastically deformed off of 
the tapered external surface 204b of the tubular expansion 
cone 204. As a result, the sealing member 2066 engages the 
interior surface of the Wellbore casing 104. Consequently, 
the radially expanded intermediate portion 206c of the 
expandable tubular member 206 is thereby coupled to the 
Wellbore casing 104. In an exemplary embodiment, the 
radially expanded intermediate portion 206c of the expand 
able tubular member 206 is also thereby anchored to the 
Wellbore casing 104. 

[0068] In an exemplary embodiment, as illustrated in FIG. 
2d, after the expandable tubular member 206 has been 
plastically deformed and radially expanded off of the tapered 
external surface 204b of the tubular expansion cone 204, the 
tubular expansion cone is pulled out of the borehole 224 by 
applying an upWard force to the tubular support member 
202. As a result, the second and third expandable tubular 
members, 214 and 220, are radially expanded and plastically 
deformed off of the tapered external surface 204b of the 
tubular expansion cone 204. In particular, the intermediate 
non pre-expanded portion 214c of the second expandable 
tubular member 214 is radially expanded and plastically 
deformed off of the tapered external surface 204b of the 
tubular expansion cone 204. As a result, the sealing member 
2146 engages the interior surface of the Wellbore 224. 
Consequently, the radially expanded intermediate portion 
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214c of the second expandable tubular member 214 is 
thereby coupled to the Wellbore 224. In an exemplary 
embodiment, the radially expanded intermediate portion 
214c of the second expandable tubular member 214 is also 
thereby anchored to the Wellbore 104. Furthermore, the 
continued application of the upWard force to the tubular 
member 202 Will then displace the tubular expansion cone 
204 upWardly into engagement With the pre-expanded end 
220a of the third expandable tubular member 220. Finally, 
the continued application of the upWard force to the tubular 
member 202 Will then radially expand and plastically 
deform the third expandable tubular member 220 off of the 
tapered external surface 204b of the tubular expansion cone 
204. In particular, the intermediate non pre-expanded por 
tion 220c of the third expandable tubular member 220 is 
radially expanded and plastically deformed off of the tapered 
external surface 204b of the tubular expansion cone 204. As 
a result, the sealing member 2206 engages the interior 
surface of the Wellbore 224. Consequently, the radially 
expanded intermediate portion 220c of the third expandable 
tubular member 220 is thereby coupled to the Wellbore 224. 
In an exemplary embodiment, the radially expanded inter 
mediate portion 220c of the third expandable tubular mem 
ber 220 is also thereby anchored to the Wellbore 224. As a 
result, the Water Zone 226a and ?uidicly isolated from the 
targeted oil sand Zone 226b. 

[0069] After completing the radial expansion and plastic 
deformation of the third expandable tubular member 220, 
the tubular support member 202 and the tubular expansion 
cone 204 are removed from the Wellbore 224. 

[0070] Thus, during the operation of the system 10, the 
intermediate non pre-expanded portions, 206c, 214c, and 
220c, of the expandable tubular members, 206, 214, and 
220, respectively, are radially expanded and plastically 
deformed by the upWard displacement of the tubular expan 
sion cone 204. As a result, the sealing members, 2066, 2146, 
and 2206, are displaced in the radial direction into engage 
ment With the Wellbore 224 thereby coupling the shoe 208, 
the expandable tubular member 206, the slotted tubular 
members, 210 and 212, the expandable tubular member 214, 
the slotted tubular members, 216 and 218, and the expand 
able tubular member 220 to the Wellbore. Furthermore, as a 
result, the connections betWeen the expandable tubular 
members, 206, 214, and 220, the shoe 208, and the slotted 
tubular members, 210, 212, 216, and 218, do not have to be 
expandable connections thereby providing signi?cant cost 
savings. In addition, the inside diameters of the expandable 
tubular members, 206, 214, and 220, and the slotted tubular 
members, 210, 212, 216, and 218, after the radial expansion 
process, are substantially equal. In this manner, additional 
conventional tools and other conventional equipment may 
be easily positioned Within, and moved through, the expand 
able and slotted tubular members. In several alternative 
embodiments, the conventional tools and equipment include 
conventional valving and other conventional flow control 
devices for controlling the How of ?uidic materials Within 
and betWeen the expandable tubular members, 206, 214, and 
220, and the slotted tubular members, 210, 212, 216, and 
218. 

[0071] Furthermore, in the system 200, the slotted tubular 
members 210, 212, 216, and 218 are interleaved among the 
expandable tubular members, 206, 214, and 220. As a result, 
because only the intermediate non pre-expanded portions, 
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206c, 214c, and 220c, of the expandable tubular members, 
206, 214, and 220, respectively, are radially expanded and 
plastically deformed, the slotted tubular members, 210, 212, 
216, and 218 can be conventional slotted tubular members 
thereby signi?cantly reducing the cost and complexity of the 
system 10. Moreover, because only the intermediate non 
pre-expanded portions, 206c, 214c, and 220c, of the expand 
able tubular members, 206, 214, and 220, respectively, are 
radially expanded and plastically deformed, the number and 
length of the interleaved slotted tubular members, 210, 212, 
216, and 218 can be much greater than the number and 
length of the expandable tubular members. In an exemplary 
embodiment, the total length of the intermediate non pre 
expanded portions, 206c, 214c, and 220c, of the expandable 
tubular members, 206, 214, and 220, is approximately 200 
feet, and the total length of the slotted tubular members, 210, 
212, 216, and 218, is approximately 3800 feet. Conse 
quently, in an exemplary embodiment, a system 200 having 
a total length of approximately 4000 feet is coupled to the 
Wellbore 224 by radially expanding and plastically deform 
ing a total length of only approximately 200 feet. 

[0072] Furthermore, the sealing members 2066, 2146, and 
2206, of the expandable tubular members, 206, 214, and 
220, respectively, are used to couple the expandable tubular 
members and the slotted tubular members, 210, 212, 216, 
and 218 to the Wellbore 224, the radial gap betWeen the 
slotted tubular members, the expandable tubular members, 
and the Wellbore 224 may be large enough to effectively 
eliminate the possibility of damage to the expandable tubu 
lar members and slotted tubular members during the place 
ment of the system 200 Within the Wellbore. 

[0073] In an exemplary embodiment, the pre-expanded 
ends, 206a, 206d, 214a, 214d, 220a, and 220d, of the 
expandable tubular members, 206, 214, and 220, respec 
tively, and the slotted tubular members, 210, 212, 216, and 
218, have outside diameters and Wall thicknesses of 8.375 
inches and 0.350 inches, respectively; prior to the radial 
expansion, the intermediate non pre-expanded portions, 
206c, 214c, and 220c, of the expandable tubular members, 
206, 214, and 220, respectively, have outside diameters of 
7.625 inches; the slotted tubular members, 210, 212, 216, 
and 218, have inside diameters of 7.675 inches; after the 
radial expansion, the inside diameters of the intermediate 
portions, 206c, 214c, and 220c, of the expandable tubular 
members, 206, 214, and 220, are equal to 7.675 inches; and 
the Wellbore 224 has an inside diameter of 8.755 inches. 

[0074] In an exemplary embodiment, the pre-expanded 
ends, 206a, 206d, 214a, 214d, 220a, and 220d, of the 
expandable tubular members, 206, 214, and 220, respec 
tively, and the slotted tubular members, 210, 212, 216, and 
218, have outside diameters and Wall thicknesses of 4.500 
inches and 0.250 inches, respectively; prior to the radial 
expansion, the intermediate non pre-expanded portions, 
206c, 214c, and 220c, of the expandable tubular members, 
206, 214, and 220, respectively, have outside diameters of 
4.000 inches; the slotted tubular members, 210, 212, 216, 
and 218, have inside diameters of 4.000 inches; after the 
radial expansion, the inside diameters of the intermediate 
portions, 206c, 214c, and 220c, of the expandable tubular 
members, 206, 214, and 220, are equal to 4.000 inches; and 
the Wellbore 224 has an inside diameter of 4.892 inches. 
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[0075] In an exemplary embodiment, the system 200 is 
used to inject or extract ?uidic materials such as, for 
example, oil, gas, and/or Water into or from the subterranean 
formation 226b. 

[0076] Referring noW to FIG. 3, an exemplary embodi 
ment of an expandable tubular member 300 Will noW be 
described. The tubular member 300 de?nes an interior 
region 300a and includes a ?rst end 300b including a ?rst 
threaded connection 300ba, a ?rst tapered portion 300c, an 
intermediate portion 300d, a second tapered portion 3006, 
and a second end 300f including a second threaded connec 
tion 300fa. The tubular member 300 further preferably 
includes an intermediate sealing member 300g that is 
coupled to the exterior surface of the intermediate portion 
300d. 

[0077] In an exemplary embodiment, the tubular member 
300 has a substantially annular cross section. The tubular 
member 300 may be fabricated from any number of con 
ventional commercially available materials such as, for 
example, Oil?eld Country Tubular Goods (OCTG), 13 chro 
mium steel tubing/casing, or L83, J55, or P110 API casing. 

[0078] In an exemplary embodiment, the interior 300a of 
the tubular member 300 has a substantially circular cross 
section. Furthermore, in an exemplary embodiment, the 
interior region 300a of the tubular member includes a ?rst 
inside diameter D1, an intermediate inside diameter DINT, 
and a second inside diameter D2. In an exemplary embodi 
ment, the ?rst and second inside diameters, D1 and D2, are 
substantially equal. In an exemplary embodiment, the ?rst 
and second inside diameters, D1 and D2, are greater than the 
intermediate inside diameter DINT. 

[0079] The ?rst end 300b of the tubular member 300 is 
coupled to the intermediate portion 300d by the ?rst tapered 
portion 300c, and the second end 300f of the tubular member 
is coupled to the intermediate portion by the second tapered 
portion 3006. In an exemplary embodiment, the outside 
diameters of the ?rst and second ends, 300b and 300f, of the 
tubular member 300 is greater than the outside diameter of 
the intermediate portion 300d of the tubular member. The 
?rst and second ends, 300b and 300f, of the tubular member 
300 include Wall thicknesses, t1 and t2, respectively. In an 
exemplary embodiment, the outside diameter of the inter 
mediate portion 300a' of the tubular member 300 ranges 
from about 75% to 98% of the outside diameters of the ?rst 
and second ends, 300a and 300f. The intermediate portion 
300d of the tubular member 300 includes a Wall thickness 

tINT. 

[0080] In an exemplary embodiment, the Wall thicknesses 
t1 and t2 are substantially equal in order to provide substan 
tially equal burst strength for the ?rst and second ends, 300a 
and 300f, of the tubular member 300. In an exemplary 
embodiment, the Wall thicknesses, t1 and t2, are both greater 
than the Wall thickness tINT in order to optimally match the 
burst strength of the ?rst and second ends, 300a and 300f, of 
the tubular member 300 With the intermediate portion 300d 
of the tubular member 300. 

[0081] In an exemplary embodiment, the ?rst and second 
tapered portions, 300c and 3006, are inclined at an angle, 0t, 
relative to the longitudinal direction ranging from about 0 to 
30 degrees in order to optimally facilitate the radial expan 
sion of the tubular member 300. In an exemplary embodi 
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ment, the ?rst and second tapered portions, 300c and 3006, 
provide a smooth transition betWeen the ?rst and second 
ends, 300a and 300f, and the intermediate portion 300d, of 
the tubular member 300 in order to minimize stress concen 
trations. 

[0082] The intermediate sealing member 300g is coupled 
to the outer surface of the intermediate portion 300d of the 
tubular member 300. In an exemplary embodiment, the 
intermediate sealing member 300g seals the interface 
betWeen the intermediate portion 300d of the tubular mem 
ber 300 and the interior surface of a Wellbore casing 305, or 
other preexisting structure, after the radial expansion and 
plastic deformation of the intermediate portion 300d of the 
tubular member 300. In an exemplary embodiment, the 
intermediate sealing member 300g has a substantially annu 
lar cross section. In an exemplary embodiment, the outside 
diameter of the intermediate sealing member 300g is 
selected to be less than the outside diameters of the ?rst and 
second ends, 300a and 300f, of the tubular member 300 in 
order to optimally protect the intermediate sealing member 
300g during placement of the tubular member 300 Within the 
Wellbore casings 305. The intermediate sealing member 
300g may be fabricated from any number of conventional 
commercially available materials such as, for example, 
thermoset or thermoplastic polymers. In an exemplary 
embodiment, the intermediate sealing member 300g is fab 
ricated from thermoset polymers in order to optimally seal 
the radially expanded intermediate portion 300d of the 
tubular member 300 With the Wellbore casing 305. In several 
alternative embodiments, the sealing member 300g includes 
one or more rigid anchors for engaging the Wellbore casing 
305 to thereby anchor the radially expanded and plastically 
deformed intermediate portion 300d of the tubular member 
300 to the Wellbore casing. 

[0083] Referring to FIGS. 4, and 5a to 5d, in an exemplary 
embodiment, the tubular member 300 is formed by a process 
400 that includes the steps of: (1) upsetting both ends of a 
tubular member in step 405; (2) expanding both upset ends 
of the tubular member in step 410; (3) stress relieving both 
expanded upset ends of the tubular member in step 415; (4) 
forming threaded connections in both expanded upset ends 
of the tubular member in step 420; and (5) putting a sealing 
material on the outside diameter of the non-expanded inter 
mediate portion of the tubular member in step 425. 

[0084] As illustrated in FIG. 5a, in step 405, both ends, 
500a and 500b, of a tubular member 500 are upset using 
conventional upsetting methods. The upset ends, 500a and 
500b, of the tubular member 500 include the Wall thick 
nesses t1 and t2. The intermediate portion 500c of the tubular 
member 500 includes the Wall thickness tINT and the interior 
diameter DINT. In an exemplary embodiment, the Wall 
thicknesses t1 and t2 are substantially equal in order to 
provide burst strength that is substantially equal along the 
entire length of the tubular member 500. In an exemplary 
embodiment, the Wall thicknesses t1 and t2 are both greater 
than the Wall thickness tINT in order to provide burst strength 
that is substantially equal along the entire length of the 
tubular member 500, and also to optimally facilitate the 
formation of threaded connections in the ?rst and second 
ends, 500a and 500b. 

[0085] As illustrated in FIG. 5b, in steps 410 and 415, 
both ends, 500a and 500b, of the tubular member 500 are 
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radially expanded using conventional radial expansion 
methods, and then both ends, 500a and 500b, of the tubular 
member are stress relieved. The radially expanded ends, 
500a and 500b, of the tubular member 500 include the 
interior diameters D1 and D2. In an exemplary embodiment, 
the interior diameters D1 and D2 are substantially equal in 
order to provide a burst strength that is substantially equal. 
In an exemplary embodiment, the ratio of the interior 
diameters D1 and D2 to the interior diameter DINT ranges 
from about 100% to 120% in order to facilitate the subse 
quent radial expansion of the tubular member 500. 

[0086] In a preferred embodiment, the relationship 
betWeen the Wall thicknesses t1, t2, and tINT of the tubular 
member 500; the inside diameters D1, D2 and DINT of the 
tubular member 500; the inside diameter DWellbore of the 
Wellbore casing, or other structure, that the tubular member 
500 Will be inserted into; and the outside diameter Dcone of 
the expansion cone that Will be used to radially expand the 
tubular member 500 Within the Wellbore casing is given by 
the folloWing expression: 

(1) 1 
Dwellbore — 2 *r1 2 D1 2 [— [(11 — IINT) *Dme + [INT * DINT] 

1 

[0087] 
[0088] D1=D2. 

Where t1=t2; and 

[0089] By satisfying the relationship given in equation (1), 
the expansion forces placed upon the tubular member 500 
during the subsequent radial expansion process are substan 
tially equaliZed. More generally, the relationship given in 
equation (1) may be used to calculate the optimal geometry 
for the tubular member 500 for subsequent radial expansion 
and plastic deformation of the tubular member 500 for 
fabricating and/or repairing a Wellbore casing, a pipeline, or 
a structural support. 

[0090] As illustrated in FIG. 5c, in step 420, conventional 
threaded connections, 500a' and 5006, are formed in both 
expanded ends, 500a and 500b, of the tubular member 500. 
In an exemplary embodiment, the threaded connections, 
500a' and 5006, are provided using conventional processes 
for forming pin and box type threaded connections available 
from Atlas-Bradford. 

[0091] As illustrated in FIG. 5d, in step 425, a sealing 
member 500f is then applied onto the outside diameter of the 
non-expanded intermediate portion 500c of the tubular 
member 500. The sealing member 500f may be applied to 
the outside diameter of the non-expanded intermediate por 
tion 500c of the tubular member 500 using any number of 
conventional commercially available methods. In a pre 
ferred embodiment, the sealing member 500f is applied to 
the outside diameter of the intermediate portion 500c of the 
tubular member 500 using commercially available chemical 
and temperature resistant adhesive bonding. 

[0092] In an exemplary embodiment, the expandable tubu 
lar members, 206, 214, and 220, of the system 200 are 
substantially identical to, and/or incorporate one or more of 
the teachings of, the tubular members 300 and 500. 

[0093] Referring to FIG. 6, an exemplary embodiment of 
tubular expansion cone 600 for radially expanding the 


















